We put forward a powerful technique that allows generating quasi-non-diffracting light beams with a variety of complex transverse shapes and topologies. We show that, e.g., spiraling patterns, patterns featuring curved or bent bright stripes, or patterns featuring arbi- 
also mention accelerating Airy beams [13] . Each of these beams exhibits a specific symmetry, hence affording the corresponding possibilities and limitations. An important related open problem is the generation of more complex nondiffracting, or slowly diffracting, beams with arbitrary shapes and symmetries. Here we put forward a powerful new strategy that allows the generation of arbitrary complex light patterns matching the requirements of a particular application, which can be considered nondiffracting for all practical purposes.
Such complex beams diffract very slowly, so that they can be considered as non-diffracting over a distance dictated by the width of the angular spectrum.
The field of a general non-diffracting beam propagating along the x axis that does not experience acceleration in the transverse plane may be written via the Whittaker integral [10] [11] [12] 
Here and are longitudinal and transverse components of the wave number , respectively, j is the azimuthal angle in frequency space, are the transverse coordinates and is the angular spectrum which is defined on an infinitely narrow ring of radius . In experiments, truncated versions of nondiffracting beams are commonly used that still can be considered nondiffracting up to a finite distance. If the nondiffracting beam is modulated by a Gaussian envelope, such distance is , where is the radius of the envelope. Such beams have an angular spectrum defined on an annular ring of radius with width [14] . A finite width of the angular spectrum does not necessarily imply truncation of the pattern. Superposition of two infinitely extended
Bessel beams with slightly different generates a pattern that can be considered undistorted over a distance x that is dictated by the difference in the values. Such a pattern will experience distortion in the entire transverse plane due to the accumulated phase difference between the fields, in contrast to truncated patterns where the perturbation moves from the periphery to beam center. The point is increasing the width of the angular spectrum in frequency space opens up the possibility to construct beams with really complex shapes.
Our approach consists in engineering the angular spectrum in the frequency space under the constraint that the transverse wavenumber components are contained within a sufficiently narrow annular ring to ensure almost nondiffracting propaga-
tion. The experimental feasibility of such a concept has been demonstrated [15] . Here we put forward an iterative Fourier algorithm for construction of beams with arbitrarily complex shapes that is reminiscent to methods used in phase retrieval and image processing algorithms [16] . The first step is setting the desired field distribution at . The phase distribution of the field is a free parameter, while 
m 
Examples of patterns generated with this algorithm are shown in Fig. 1 , where we aim to produce specific spiraling beams. For a very small width of the angular spectrum ( one usually gets patterns that are far from the desired ones, especially when exhibits a complicated structure [ Fig. 1(a) ]. Increasing up to causes dramatic improvements in the beam shape: while some distortions are still visible, the desired spiraling pattern is clearly resolvable [ Fig. 1(b) ]. Thus, engineering the angular spectrum allows to construct patterns that have no analogs among known non-diffracting beams.
If is further increased one obtains even better approximation to the desired beam [ Fig.   1(c) ]. However, the value of has to be carefully selected since a small assures almost diffractionless propagation, but at the same time it may result in patterns that are rather far from the desired ones, while for sufficiently large one can generate patterns close to any desired beam that, however, will be more prone to diffraction. Still, in previous experiment [14] it was demonstrated that Bessel beams with a Gaussian envelope may propagate undistorted over distances largely exceeding the diffraction length even for . 
The method allows also the identification of shapes of angular spectra corresponding to novel types of non-diffracting beams. Thus, a trial beam q k , with being zero-order Bessel function, allows to produce a single-channel pattern in real space [ Fig. 2 
0.25 These results can be immediately used to generate suitable optical tweezers and atom traps, as well as to study the transfer of angular momentum to atoms or microparticles.
The beams described here may be used to demonstrate a variety of effects in different areas of science, from quantum optics to physics of matter waves and nonlinear optics. polarization orthogonal to that of lattice-creating beam that propagates in linear regime [7] .
The propagation of probe beam is described by the normalized nonlinear Schrödinger equa- 
